Cotton (Gossypium hirsutum L.) is planted on more land area than any other crop on the Texas High Plains. Much of this area is considered highly erodible and requires a conservation compliance program to participate in government farm programs. Because this region is semiarid and because irrigation water is increasingly limited, water conservation and efficient use of water are necessary to maximize cotton lint yields. One popular conservation compliance practice used is to plant cotton into a chemically terminated small grain crop, i.e., residue that provides wind protection to the cotton seedlings. Our hypothesis was that in a semiarid region the use of a small grain cover crop under irrigated conditions would use more water than it conserves compared to conventional tilled cotton, thus reducing cotton lint yields. To test the hypothesis separate field studies over two growing seasons and on two soil textures, a loamy fine sand and a clay loam, were conducted. The main treatments were tillage systems (conventional and conservation using terminated wheat residue). The two split plot treatments were water supply based on replacement of calculated grass reference evapotranspiration (ETo). Tillage did not affect the amount of water used by the cotton crop at either location (< 7% difference, P > 0.05) except for an 80% ETo irrigation treatment at a single location where the bare soil treatment used 10% more water than the residue treatments for both years. The residue treatment decreased (P < 0.05) cotton lint yields at both locations by 12% except for the 50% ETo single irrigation treatment in which the residue treatment yielded 14% more lint than the bare soil treatment. The use of terminated wheat residue had no impact on soil water storage during any part of the year. During a 5-month period associated with wheat growth, the wheat evapotranspiration was 20 to 40 mm more water (P < 0.05) than that lost through soil water evaporation from the conventional treatments. The use of termi-* The US Department of Agriculture (USDA) prohibits discrimination in all its programs and activities on the basis of race, color, national origin, age, disability, and where applicable, sex, marital status, familial status, parental status, religion, sexual orientation, genetic information, political beliefs, reprisal, or because all or part of an individual's income is derived from any public assistance program.
Introduction
In 2013 and 2014, about 1.2 million ha were planted with upland cotton on the Texas South Plains [1] . The annual mean precipitation in this region is 467 ± 159 mm and about 50% of this rainfall occurs during the 4-month (May to August) growing season. About half of the planted area is irrigated with a water supply ranging from 2.5 to 7.5 mm•d −1 and the potential evaporative demand is on average 9.8 ± 0.8 mm•d −1 during the four-month growing season [2] . The source of the irrigation water is the Ogallala aquifer, where withdrawals exceed natural recharge, resulting in a declining water table [3] . Much of the water applied to the cotton is lost to bare soil water evaporation (E soil ) in conventional tillage systems [4] [5] . In this semiarid region, where cotton is planted in a wide row spacing (1-m) the crop seldom reaches a leaf area index of 3 m 2 •m −2 that is necessary to achieve canopy closure [6] [7] . Furthermore this exposed and bare soil is conducive to increase the amount of E soil [8] .
Given the decline of irrigation water from the Ogallala aquifer [3] [9] with a decreasing pumping capacity, particularly during periods of low rainfall which are frequent in this region, led to develop agronomic practices to maximize cotton's water use efficiency (WUE), i.e., production of lint yield per unit of water taken up by the plant [10] . An example of this conservation practice is to plant cotton into a winter wheat (Triticum aestivum L.) crop that is chemically terminated in the spring before the cotton crop is planted [11] . Residues may protect cotton seedlings by providing shelter to wind damage and sand abrasion [12] . Also, the residue may reduce E soil ; however, in some cases it may use more water than it conserves [5] [8] via wicking [13] . This is the process whereby the wheat residues may contribute to additional water loss via capillary action, i.e., wicking effect [14] . In this situation, the wheat residue may increase the ability to transport water from the seedbed to the atmosphere via evaporation and thus resulting in a reduction of soil water and negatively affecting cotton emergence when planted in the wheat residue.
In the cotton cropping systems of the Texas High Plains, the effect of crop residues on water conservation and lint yield, are a function of the water supply, from irrigation and rainfall, soil type, and tillage practices [15] [16] . Planting cotton into a wheat residue on a sandy loam soil only increased cotton lint yield when the crop was irrigated at the grass reference evapotranspiration demand (ET o ). However, this practice is not suited to the availability of irrigation water from the Ogallala aquifer. In field trialsand over a five-year period, in a loamy fine sandy soil the residue did not impact lint yield under irrigated conditions, but significantly and adversely affected dryland lint yields. In a clay loam soil, the lint yield of cotton planted in a wheat residue increased on average by 13% under irrigation and reduced dryland cotton lint yield by 8% [17] [18] . From these results, it can be concluded that the effects of wheat residues on cotton lint yield depend primarily on the water supply. The texture effect is related to the amount of water that can be stored in the soil, particularly from the time the wheat is terminated to when the cotton is planted. For example, in the surface 0.20 m of the soil profile, a clay soil can store about twice as much water as a sandy soil and for dryland conditions the additional stored water would be available during cotton planting and favor seed germination and emergence of the cotton plant.
In first analysis for the Texas High Plains, the amount of water required to establish the wheat residue is often ignored in the water balance of dryland and limited irrigated cotton cropping systems [4] [5] [8] . To establish a wheat residue that would not impact the germination and emergence of the subsequent cotton crop planted in the residue, and of sufficient growth to be beneficial to cotton seedlings requires a net gain of water. In the Texas High Plains, winter wheat is planted in months (November to February) where the average monthly rainfall is 16 ± 2 mm [2] . Clearly, in a dryland system the establishment of the residue comes with the risk of using stored water that otherwise would be available at the time needed when the cotton crop is planted [19] . Furthermore, the winter wheat crop requires water to grow and be of benefit to the cotton crop. The measured daily ET rate of irrigated winter wheat varied between 1 and 2 mm•d −1 with a maximum of 13 mm•d −1 during the late spring [20] . Therefore, it was concluded that for the Texas High Plains under dryland conditions the establishment of a wheat residue is perhaps not practical and will require irrigation to be of value [19] .
The short-and long-term benefits of residues on soil physical and chemical properties, and crop production has been widely investigated, e.g., [15] [21]- [23] . Residues increase infiltration of water, from either rain or irrigation, by increasing the surface roughness and flow path tortuosity and thus increasing the time for more water to infiltrate by surface ponding [19] [24] [25] . Residues, also modify the kinetic energy from raindrops impacting the soil surface [26] [27] , which leads to less erosion [26] and increasing rain interception [28] by as much as 10% of the annual rainfall [29] . A long-term benefit of residues is to increase water storage and thus providing more water for crop production [30] [31] .
The impact of residues on E soil is well documented [4] [5] [8] [32]- [34] . Residues can reduce the rate of E soil in the so-called first stage [25] [30] [34]- [37] . The type of residue also affects the E soil rate and wheat, for example, is more effective than cotton [35] . The presence of a residue reduces E soil ; however, the total evaporation equilibrates between residue covered soil and bare soil after a long period of time between water inputs [35] . For example, the rate of E soil from a bare soil and a residue-covered soil will be different; however, the total amount of water lost from the bare and residue-covered soil will be very similar after a long period of time [5] [8] . The rate of E soil is defined by exchanges of energy and water between the soil surface and the surrounding environment [32] and determined by the combined water and energy balance of the soil surface. The aerodynamic resistance to vapor and latent heat flux from the soil surface to the atmosphere is increased by the presence of a residue, which decreases the rate of E soil [5] [8] [38] [39] . Another effect of a residue is to reduce the amount of irradiance that reaches the surface, decreasing soil temperature and E soil .
The presence of a surface residue modifies the E soil and affects the WUE [8] . The daily E soil and crop transpiration (T) for a 100-day growing season of cotton planted into terminated wheat and conventionally tilled soil where compared by Lascano et al. [8] . In this experiment daily E soil was measured for a seven-day period using microlysimeters [32] and calculated using the mechanistic ENWATBAL model [4] [40] . Both cotton cropping systems, residue and conventional, had the same seasonal ET. However, the conventional tilled cotton evaporated more E soil and had a lower amount of plant T than the cotton planted into the terminated wheat. The wheat residue increased the seasonal crop T, i.e., more water used for plant growth, and reduced the seasonal E soil , resulting in an increase of lint yield of 35% compared to the cotton planted in the conventional tillage with the same amount of water. The WUE of the cotton planted in the wheat residue was 2.6 g lint per kg of water used in ET, which was 27% more lint than the conventionally planted cotton [8] . In these field experiments the amount of water used to grow and establish the wheat residue were not measured and thus the calculated value of WUE is biased towards the cotton lint yield from the residue.
Our hypothesis is that despite the many benefits that residue offer, in a semiarid environment establishing the residue would use more water than conserved when used along a cotton crop. In our hypothesis the assumption was made that the cover crop that provides the residue and cotton were supplemented as needed with irrigation and each tillage treatment received the same amount of water annually. Further, it was postulated that the use of chemically terminated winter wheat residue would not significantly increase lint yields because less water would available for cotton growth and lint production. The main objective of this study was to examine and compare the water balance of two cotton cropping systems for a two-year period for conventionally tilled cotton, and for cotton planted into terminated wheat. Specifically, our objectives were to 1) compare the water used by wheat vs. soil water lost to evaporation from the conventionally tilled bare soil; 2) determine if wicking occurred after the wheat was terminated and before the cotton was planted; and 3) determine the effects that bare soils and residuecovered soils have on the water available for cotton growth and lint yield.
Materials and Methods
This study was done during two growing seasons, 1994 and 1995, at experimental fields within two research farms managed by Texas Tech University, Lubbock, TX. 
Irrigation
Irrigation-water at each location was applied using sprinkler irrigation methods. At Brownfield, TX a center pivot, 400 m long, irrigation system provided 50, 75, and 100% of the weekly crop water use with Low Energy Precision Application (LEPA) spray nozzles [43] . The linear (300 m in length) irrigation system used at New Deal provided 40% or 80% of weekly crop water use with LEPA spray nozzles. Half the field at New Deal was irrigated at 40% ET o and the other half irrigated at 80% ET o .
At each location, the amount of water applied was based on calculated daily grass reference ET o using as weather input net irradiance, air temperature and humidity, and wind speed measured at each site, and using the Penman-Monteith method as given by Allen et al. [44] . The daily water use was determined as ET o multiplied by a locally developed crop coefficient (K c ) that depended on the ground cover [45] . The weekly crop water use was calculated using the appropriate ET o and K c for that site. Date and amount of water applications for Brownfield are given in Table 1 and for New Deal in Table 2 . Rainfall was measured at each site using a tipping bucket. Irrigation treatments at both sites did not begin until cotton emergence. The irrigation levels were different between the two locations because the two studies were independent of each other, with different soil textures and environmental conditions.
Experimental Design
The experimental design at both locations was a randomized block, split plot setup. The experimental field at each site was about 46 ha. The major plots were tillage effects and the irrigation treatments were the split plots. All treatments were replicated four times and the plot size of each replicate was 156 × 183 m. The irrigation treatments (i.e., 50% and 100% ET o at Brownfield, and 40% and 80% ET o at New Deal) were started after the cotton emerged (late May through early June). Therefore, all plots for each location received identical irrigation amounts between cotton harvest from the previous season until cotton emergence the next season. One half of each irrigation treatment at each location was planted conventionally with cotton (left fallow in winter) and the other half was planted with cotton in terminated winter wheat. Locations were previously used for cotton production prior to this study with half of each field in terminated wheat residue and half of each field under conventional tillage. Treatments were replicated, n = 4, and mean separation was done using the PROC MIXED procedure and with t-type confidence interval of 0.05 using SAS on an Apple  computer (WMware and SAS version 9.2).
Cultural Practices
Winter wheat at both locations was drilled at a rate of 30 kg•ha −1 at 0.2-m row spacing into listed soil resulting in two rows of wheat in each furrow on 0.75-m centers. The tops of the beds were left bare in preparation for the planting of cotton. The wheat (TAM-200, Texas A&M University Foundation Seed, College Station, TX) # grew until it was tall, about 0.3 m, enough to provide wind protection, which was usually in mid-to late-April and was then terminated with the herbicide glysophate (Roundup . Cotton (HS-26, Paymaster Technology Corp., Scott, MS) was planted into the terminated wheat and on the fallow plots during early to mid-May. A complete fertilizer blend consisting of 50-50-0-10 was applied to the entire area after each cotton harvest and prior to planting the wheat in the fall each year. Supplemental N was provided through the irrigation water at a rate of 0.2 kg N mm −1 •ha −1 with an irrigation volume of 25 mm for the 100% and 80% irrigation treatments through the third week of flowering. Important dates for different cultural operations at both locations are given in Table 3 .
Measurements
Soil water contents were measured gravimetrically at various times throughout the year, usually one to two # Mention of this or other proprietary products is for the convenience of the readers only and does not constitute endorsement or preferential treatment of these products by the USDA-ARS. times per month [46] , and these were converted to volumetric water content using appropriate bulk density values provided by Baumhardt et al. [47] . On each sampling date, 6 -10 soil samples per plot were taken in 0.30-m increments to a 1.2-m depth. Water used through E soil and/or T during different crop stages was based on the water balance, inputs and outputs and included precipitation, irrigation and net change in soil water content. When no crops were on the ground, all the water loss was assumed to be through E soil , and if a crop did exist, the water loss was assumed to be a combination of E soil and T [48] . Specifically, the following quantities were determined: 1) water required to grow an adequate amount of residue; 2) water used by the wheat after being chemically terminated; 3) water lost through E soil ; 4) water used by each cotton crop; and 5) the effect of each cotton cropping system on cotton lint yields. Runoff was assumed to be negligible because of slopes < 0.1% and soil water content below the 1.2-m depth was not measured because of the existence of a caliche layer around the 1.4-m depth. Cotton lint yield was estimated by hand harvesting 10 m 2 of plot area in each replication of each treatment. Cotton yield components were determined and their relative contribution to total lint yield evaluated.
Additional Experiment
An additional experiment was done in New Deal, TX in 1996 to measure evaporative losses of cotton planted in a bare soil and wheat terminated residue, without any irrigation. To measure the loss of water by evaporation, gravimetric soil samples were taken in the top 0.60 m of the soil profile in about five-day increments starting on the day the wheat was terminated by applying glysophate, 15 May 1996, and ending on the 3 June 1996, when more than 75% of the cotton planted had emerged. Gravimetric soil water content was converted to a volume basis using the measured soil bulk density and these measurements were replicated six times. The bare soil and wheat residue treatment was replicated three times and each plot was the same size as previously used, i.e., 156 × 183 m.
Results and Discussion

Wheat Water Use
The first research objective was to measure and compare the water used by the wheat to the soil water lost to evaporation from conventionally tilled bare soil. The amount of water used to establish a wheat residue and the amount of water lost to bare E soil for Brownfield and New Deal are given in Table 4 . During the wheat growth stage, all plots received the same irrigation amount. These results showed that in 1995, the wheat used more (P ≤ 0.05) water than the bare soil lost E soil in both treatments and locations. At Brownfield, the wheat used 40% more water (P ≤ 0.05) than the bare soil lost to water evaporation in the loamy fine sand textured soil. At New Deal, the wheat used 36% more water (P ≤ 0.05) than the bare soil lost to evaporation in the clay loam soil. During the spring of 1995, establishing a wheat residue required more water compared to leaving the soil bare at both locations and on both soil textures.
The water depth in the upper 0.6 m of the soil profile at wheat planting and at wheat termination at both sites, Brownfield and New Deal, TX are given in Table 5 . Even though all the plots within each location received the same amount of irrigation during the wheat growth period, our measurements demonstrated the variability in soil water content at each location. The coefficient of variation of the measured mean soil water content was > 25% (data not shown). This variability could be explained by the irrigation treatments applied during the previous season because overall soil water content could increase over the growing season in the highest irrigation treatments compared to the lower ones.
At both locations, the bare soil treatment resulted in an increase of the soil water content in the top 0.6 m by > 30% (P ≤ 0.05) between the time when the wheat was terminated and planted (Table 5) . However, the wheat residue treatments showed no gain in stored water at wheat termination compared to the amount of soil water at wheat planting. In the loamy fine sand, the wheat residue caused a reduction (P ≤ 0.05) of 14% in soil water content. At Brownfield, the bare soil gained 71% (P ≤ 0.05) soil water and at New Deal the gain was 37% (P ≤ 0.05) from wheat planting to wheat termination. The statistical difference (P ≤ 0.05) between the amount of soil water at wheat termination at Brownfield was 36 mm between the bare soil and wheat residue treatments. The statistical difference (P ≤ 0.05) between soil water at wheat termination at New Deal was 40 mm of water in the top 0.6 m of soil. Therefore, there was no gain, 36 vs. 40 mm, in stored water by the wheat residue plots over the spring of 1995 at either location, while the bare soil was able to increase the water content in the top 0.6 m of soil by more than 30% (P ≤ 0.05) over the spring months.
Wicking
The second objective was to determine if upward movement of water through the wheat residue, i.e., wicking, occurred after the wheat was terminated and before the cotton was planted. The amount of water lost to evaporation from both the bare soil and terminated wheat plots between wheat termination and cotton emergence for 1995 at Brownfield and New Deal are shown as a bar graph in Figure 1 . These results suggested, and as expected the evaporation of water was greater in the finer textured soil when compared to the coarser textured soil. In the fine loamy sand soil, the bare soil evaporated 44% more (P ≤ 0.05) soil water than the wheat residue. However, in the clay loam soil the wheat residue evaporated 66% more (P ≤ 0.05) soil water than the bare soil. This result suggested that there might be a soil textural effect on the amount of water that can evaporate from a bare soil and from a terminated wheat residue [19] .
It was speculated that differences in water evaporation from the bare and from the wheat-covered soil were due to the different textures and the process of wicking. The soil at New Deal is a clay loam, i.e., more conducive for upward capillary flow of water; while Brownfield has a loamy fine sand, whose large pores would decrease capillary flow [13] . Under wicking, wheat residue could lose more water to evaporation than bare soil because many roots act as capillaries and the surface area provided by the leaves of the terminated wheat contribute to the evaporation. A possible solution to this problem could be to mechanically sever the roots of the wheat plant after termination at a 0.2 -0.3 m depth and in this way disrupt the capillary movement of water from the soil to the atmosphere.
The cumulative evaporation of soil water from the bare soil and terminated wheat, between wheat termination to cotton emergence is shown in Figure 2 . The bare soil had an 18% larger (P ≤ 0.05) amount of water evaporation loss compared to the wheat residue. This is a result that in part may be explained by the frequent irrigation and rain events that occurred during the study. These wetting events resulted in a bare soil that was wetter than the top of the wheat residue, leading to near free-water evaporation to occur at faster rate than wicking. However, the results from this study were not conclusive to determine the effects of wicking in a clay loam soil and the measurement of E soil . Part of the difficulty in determining differences of E soil under field conditions is that the amount of water that may be lost due to wicking is of the order of 1 mm•d −1 and this loss takes place from mainly the surface 0.1 m layer of the soil profile. This rate of water evaporation represents a change of 0.01-m 3 •m −3 volumetric water content on a daily basis, which is beyond the sensitivity of current instrumentation to measure volumetric soil water content [46] . Nevertheless, a wicking loss of 1 mm•d −1 for 20 days represents 20 mm of water, and this amount of water could determine the difference of having adequate water in the seedbed to germinate and to emerge the cotton crop planted in the residue [13] . The water used by the wheat and lost by E soil affects the amount of water available for cotton growth. The amount of water content in the 1.2 m soil profile at cotton planting for both sites and growing seasons season is shown in Table 6 . The bare soil treatments had more water at cotton planting than the wheat residue treatments at both locations except for the 40% ET o plots at New Deal and the 50% ET o plots at Brownfield for 1994. All the treatments in New Deal excluding the 40% ET o irrigation treatment in 1994 showed a significant increase (P ≤ 0.05) in soil water for the bare soil treatments compared to the wheat residue treatments, while Brownfield did not have a significant increase (P ≤ 0.05) in soil water for the bare soil treatments at cotton planting. This stored water is important, particularly at the time when the cotton is planted as it necessary for seed germination and emergence impacting the vitality and vigor of the cotton seedling, which can later affect lint yields [49] [50] .
Even though the wheat used more water in Brownfield in 1995 than the bare soil ( Table 5 ), it appears that the wheat only extracted water from the top 0.6 m of soil because the water depth in the top 1.2 m of soil at cotton planting (Table 6 ) showed that the soil profile for each residue treatment contained about the same amount of water in the top 1.2 m of soil. However, at New Deal, capillary movement of water by a hydraulic gradient and by wheat roots may have caused a reduction in the amount of water in the top 1.2 m of soil for the wheat residue plots, allowing the bare soil to store more water at the time that cotton was planted ( Table 6 ).
Cotton Water Use
The last and third objective of this study was to determine the effects bare and residue-covered soils have on the water available for cotton growth and development. Water inputs and water used by the cotton in both seasons and at both sites are given in Table 7 . There were no significant differences (P ≤ 0.05) in the amount of water used by the cotton for any of the residue treatments at Brownfield (Table 7) . However, the 80% ET o bare soil treatments used at least 10% more (P ≤ 0.05) water to grow the cotton than the residue treatments for both years at New Deal ( Table 7) and as previously discussed, could be accounted for sampling error ( Table 5) .
Cotton lint yields were used to evaluate the effects residues have on cotton growth and development. Cotton lint yields for both locations and growing seasons are given in Table 8 . These cotton lint yield values were similar to cotton yields reported for surrounding areas [51] [52] . In 1994, both locations had significantly higher (P ≤ 0.05) lint yields (at least 8% higher) from the conventionally tilled treatments than the wheat residue plots for all irrigation treatments ( Table 8 ). The only treatment with a loss in lint yield from the conventionally tilled treatments was in the in the low irrigation treatment at Brownfield in 1995 with a 14% decrease (P ≤ 0.05) in lint yields. The greatest gain in lint yield from the conventionally tilled treatments over the terminated wheat treatments occurred in the 40% irrigation treatment at New Deal in 1994 with a 42% gain (P ≤ 0.05). Therefore, our results suggested that the presence of residues had a significant (P ≤ 0.05) impact with a loss of lint yield for both years of the study. This result confirms our hypothesis that in a semiarid region the use of a small grain cover crop under irrigated conditions uses more water than it conserves compared to conventional tilled cotton, reducing cotton lint yields.
As expected and in climates where water is a limiting factor in crop production, the irrigation treatments at each location that received the greatest amount of water resulted in higher lint yields compared to the lower irrigation amounts ( Table 8) . For example, Bordovsky et al. [45] showed that higher irrigation amounts also gave higher yields, but also reported that at a 50% ET o irrigation level, conventionally tilled and wheat residue cotton systems yielded about the same (P ≤ 0.05), while at a 100% ET o irrigation level, the conventionally tilled cotton cropping system yielded 17% less (P ≤ 0.05) as compared to the wheat residue treatment at Lamesa, TX, which has a sandy loam soil. 
Conclusions
In this study, the cotton water use and lint yield of two cotton-cropping systems in the semiarid climate of the Texas High Plains was compared. These cropping systems were conventionally tilled and cotton planted into terminated wheat, on two sites and a low and high irrigation rate over two growing seasons. Our objective was to evaluate the effectiveness of planting cotton into a crop residue obtained by terminating a winter wheat crop planted in December. The purpose of the residue is mainly to provide a mechanical barrier to wind and thus protect cotton seedlings at a time when they are most vulnerable to sandblast damage due to high wind speeds. The selected sites, allowed us to compare the impact of soil texture, i.e., coarse (Brownfield, TX) and fine (New Deal, TX). The residue treatments did not affect the total amount of water evaporated and transpired during the two seasons. However, at both locations the bare residue treatment had a higher lint yield than the cotton grown under the wheat residue. Wicking, the capillary movement of water through the wheat residue was only statistically significant at the site with the coarser texture (Brownfield, TX) and only in one (1994) of the two years. These results suggest that the use of terminated wheat residue did not have a positive impact on increasing water storage for the subsequent cotton crop. Furthermore, terminated wheat residue adversely affected cotton lint yield on both years and sites and thus no advantages found in planting cotton into a terminated wheat residue in the semiarid Texas High Plains. Nevertheless, over a longer period of time, the use of a wheat residue may improve soil structure, which may lead to higher infiltration rate reducing runoff and storing more rainfall.
It was postulated that in a semiarid climate growing a small grain cover crop might use more water than it conserves when combined with a cotton crop. During the 1995 wheat growth period, the conservation tillage treatment used 20% more water than the conventional tillage treatment for all treatments at both locations supporting our hypothesis. It was further hypothesized that the use of residue would not increase cotton lint yields, and all the conventionally tilled treatments for two seasons had higher lint yields except for one plot in 1994 at Brownfield over the wheat residue plots. Therefore, for these two locations for the 1994 and 1995 cotton crop seasons, the use of terminated wheat residue did not improve the growing conditions and environment for the cotton crops compared to conventional tillage cropping systems. The significance of this work is that growers using this "conservation compliance" tillage system may not be using water optimally and may even be experiencing decreased cotton lint yields.
